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In this paper we describe an approach to respond to
a request for information with the identification and
location of the appropriate person as a source of
information for answering the question. The expertise
of a person is characterized using a weighted profile
that has been derived from a series of documents
describing the expert’s activities. Having these
profiles, requests for information can be matched
with these profiles. The best matches correspond with
the people that are experts for providing information
on the request.
Background
The information society is flooding us with
information. Not only the web is drowning us with
over a billion pages of information [1], the number of
biomedical journals also doubles on the average
every 19 years to a total number of about 10.000 in
1980 [2]. Since (web) search engines are yielding
tons of web pages for non-specific queries, users are
required to become more specific and, as a
consequence, loose sensitivity (i.e., missing pieces of
information). In addition, the major search engines
are only covering at best 34% of all pages, confined
as they are in bandwidth and  processing power
maintaining those large word indexes [3]. There is a
clear need for effective information retrieval tools.
Clinical Information Seeking Strategies
With the need for ubiquitous information access,
various studies have been performed to analyze how
clinicians will find their information. Comparing the
reported use of information sources with the observed
use showed a discrepancy. Physicians reported to use
print resources in 61% and human resources in 32%
of the cases. However, the observation showed a
different picture: in 53% of the questions human
resources were consulted and only in 27% print
resources [4]. Unavailability of print resources and
the confined time during patient visits to seek for
information are the most important reasons why
human resources are playing an important role [5,6].
Digital Access to Information
Many projects have been conducted to facilitate and
optimize the routine searching and retrieval of
information. These projects can be roughly
categorized in building information directories,
improving the information retrieval facilities, ending
up with knowledge management tools.
Information Directories
The most common step in improving access to
information is maintaining directories classifying the
information by subject. A user browsing the web can
add a reference to an interesting web page to a local
directory of references. A clear disadvantage of this
approach is the fact that only after discovery of the
information a bookmark can be set. Dynamic pages
(i.e., generated from information in a database) can
not be marked and static pages can be moved or
deleted, causing broken links.
To support groups of users, the bookmark directory
can also be maintained at a server side: the internet
portals [7,8]. In this approach, references to
information are collected for a common group of
users and organized by the provider of the internet
portal. Commercial interests may influence the
organization and the contents of the portal and the
question is whether the aim of the portal is consistent
with the user’s interests.
User-driven Information retrieval
Another approach is the use of search engines to find
information that is interesting. Various search
engines have been developed [9,10]. The underlying
assumption in search engines is that phrasing a query
using a number of words will yield the page(s)
containing relevant information. Since most web
search engines are generic search engines, (domain
specific) synonyms and homonyms will not be dealt
with in the search. For routine use, the information
retrieved by the generic search engines is not good
enough. Typically, a search will yield thousands of
hits. However, adding search criteria in order to
reduce the number of hits will in general diminish the
sensitivity of the query. As a consequence, several
projects focus on the development of a preprocessor
that will extend the generic search engines with
domain knowledge [11,12,13] and thus improve the
sensitivity and specificity of the query.
Another approach to improve information retrieval is
the active channeling approach. In this approach, one
can define subjects of interest and the software will
search in the background for information concerning
the subjects. The advantage of this approach is that
the querying is on the background and is not wasting
the user’s (web surfing) time.
System-driven Information Management
The approaches discussed above all have a
transaction-oriented approach: a query is formulated
and the results are fed back. There is hardly any
interaction during the search that requires the user to
refine and make choices during the information
retrieval phase. Agent technology focuses on an
approach that at certain moments interacts with the
user to refine and optimize its search for information
[14,15]. This approach is still a research topic: agent
programming languages [16] and agent - user
interaction are still research subjects.
Shortcomings
Despite these efforts and developments in
information management, these approaches are still
not used for daily practice. Typically, entering a non-
specific request will yield a large amount of web
pages with information that can not be managed
quickly, whereas a more specific request will lead to
missing the relevant information.
Approach in AWARE
The best source for information remains the human
expert. All studies on the information seeking
behavior of clinicians show that the best and first
source for finding information is the clinical expert or
colleague [4,5,6]. The effort to seek information
using an expert is only a fraction of searching digital
or print information sources. Not only clinicians, but
also people in health research, publishing, companies,
etc. are seeking for experts that can be consulted to
provide answers on a particular request for
information. Each of these is confronted with the fact
that effective – effective meaning only a small set of
relevant pages - information retrieval is still not
available.
In the AWARE (Automated Web-based Archive
Retrieval and Exchange) system, the answer to a
request for information is the name of the source
where the information can be found. In the first
version of the system, the electronic business cards of
experts are shown to the user as a result of a query. In
the future, this can be extended to also include online
information sources and online databases.
Structure of AWARE
The AWARE system consists of a web-based database
with three major sections: institutions, people, and
activities. The institutions section gives information
on various institutes active in the application field
(e.g., for health research in developing countries the
institutions conduct research projects in those
countries). The institution section links to the people
section to indicate what people work in each institute.
The people section contains the electronic business
cards of people. The people section is linked with the
activity section, specifying what activities the user is
carrying out. These activities can contain project
descriptions, curriculum vitae, scientific publications.
In fact, anything that is related to the person’s
expertise can be entered here. Apart from matching a
request for information with the most relevant
electronic business cards, the user can also browse
the database and follow the links between the various
sections (i.e., traverse from organization to the people
to the activities and vice versa) .
Figure 1. Overview of the different sections of the
database. The Organizations, People, and Activities
sections are linked and can be browsed, yielding
dynamic combinations of these three sections.
Profile information
In order to be able to match a request for information
with the information in the database, a categorization
or indexing tool has been used. Attached to each
person’s business card is a list of activities. The text
of all these activities is indexed. In this indexing step,
the concepts from the Unified Medical Language
System (UMLS) [17] that best fit the text are attached
to the text including a weight factor. This index can
be interactively adjusted by the user. All profiles
from the texts attached to a person’s business card are
combined in a single profile for the user. All profiles
of all people working for an institution are combined
in a same way to generate the profile of an institution.
In the running version of AWARE, a request for
information can only include a single concept from
UMLS. In a next version of the software, the request
for information can be entered as a description. The
descriptive request will also be indexed and the
resulting request profile will be matched against the
profiles in the database.
Indexing software
The indexing software combines a statistical indexing
algorithm with a rich thesaurus. This thesaurus has
been derived from the contents of the UMLS and
consists of three parts: concepts, terms (denotations
for the concept from the various coding systems), and
normalized or stemmed words derived from the
words in the terms. The reference from normalized
words to concepts is used in the indexing algorithm
to find a list of candidate UMLS concepts. The words
from the text are clustered: words within a certain
distance that refer to the same concept are combined.
After the clustering, statistical features are computed
for each of the concepts. Finally, on basis of these
features the most probable concepts are selected and
shown to the user.
The following statistical features are computed:
Per concept:
§ Specificity. The specificity is indicated by
the number of concepts that are referred by a
normalized word in the text. The specificity
of a cluster is defined as the minimal
specificity for all individual words contained
in the cluster. A concept is more probable if
it contains a word that is only rarely used in
the vocabulary and the text contains that
particular word.
§ Similarity. The textual similarity feature
indicates what fraction of the concept name
is contained in the text. A concept is more
probable if a large part of its term is covered
by words from the text.
§ Co-occurrence. The co-occurrence measure
indicates how often a concept co-occurs
(based on MedLine and other knowledge
sources) with other concepts found in the
document. If two candidate concepts are
often used in combination, their probabilities
will rise.
Per cluster:
§ Dispersion. The dispersion is calculated per
cluster. It is the mean distance in words
between words referring to one concept
Figure 2.  Overview of the AWARE system showing a project text and
the weighted index as computed by the indexing software. The terms can
(since a cluster contains concepts with
almost identical words, this measure is
calculated per cluster). If there is only one
word referring to the concept, the distance is
set to the number of words in the document
(this negatively discriminates concepts that
are only referred by one word). The
rationale behind dispersion is that a concept
is more likely to be present if the words
referring to it are close to each other.
§ Cluster Size. The cluster size is the number
of concepts/alternatives in a cluster. A
concept is less probable if there are many
alternative concepts in the cluster.
Per document:
§ Frequency. The frequency is the number of
words or clusters referring to one concept. A
concept is more probable if the text contains
multiple references to that concept.
Add-to-AWARE button
In order to facilitate the uploading of documents or
texts to the AWARE system, a button has been defined
that can be included on the menu-bar of Microsoft
Internet Explorer. With this button, the text contained
in the Internet browser will be sent to the AWARE
web-server, indexed, and the text profile will be
added to the user’s personal profile. Since this button
is available in the user’s desktop environment, the
effort to maintain one’s profile is minimal. Figure 3
shows the web-page that lists the documents that
have been uploaded to the AWARE system. The terms
that have been assigned by the indexing software can
be manually reviewed and, if necessary, adjusted. If
the terms are adjusted, the profile is automatically
updated.
Implementation
This Aware system has been implemented in an
application for health researchers in developing
countries. With this system, an information network
of experts in health research in developing countries
has been created that can be contacted for specific
information. The profiles in this Aware-based system
SHARED (Scientists for Health And REsearch
Development, www.shared.de) are based on health
research project descriptions in developing countries.
The system has been developed as a light-weight
system, giving people in developing countries the
possibility to quickly access the web-based database
and locating the most appropriate source of
information.
Evaluation
The indexing software has been evaluated using a
collection of about 1000 MedLine abstracts with their
manually assigned MeSH headings. The indexing
software is able to correctly identify 85% of the
MeSH headings. Baring in mind the fact that the
manual assignment of MeSH headings is based in the
full article text rather than on the abstract and the fact
that the indexing software has been limited to only
MeSH headings rather than the whole UMLS, the
results are quite well. A paper describing these results
has been submitted for publication. A formal
evaluation of the complete system has not yet been
done, but will be started soon.
Discussion
Information delivery is becoming more and more
important. However, the current electronic facilities
are still not effective enough to be used for daily
practice. Therefore, we have focused on information
mediation, i.e., on identifying the most promising
source for finding that information. Our first
approach is aiming at developing a network of
experts that can be consulted for requests of
information. This concept has been implemented for
health research and development in developing
countries. However, these networks of information
sources can also be beneficial for health care in
gure 3. This window shows the documents that
ve been uploaded with the "add-to-aware"
tton and the resulting personal profile.
developed countries, for scientists who want to find
other experts in the field, etc.
The availability of the add-to-aware button on the
user’s desktop minimizes the burden of maintaining
the personal profile in the database. We are currently
exploring ways in health science to create a starting
personal profile from on-line available scientific
publications.
For the near future, we will further improve the
indexing software and improve the web-based
database access. We also extend the information
network with the location of print (web-based)
information sources.
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